AUTOMATIC CHOKE FOR AN ENGINE 



Cross-Reference to Related Applications 

This invention claims priority to U.S. Provisional Patent Application No. 60/491,216, 
filed July 30, 2003, the entire contents of which is incorporated by reference herein. 

Field of the Invention 

This invention relates to choke assemblies for an internal combustion engine. More 
specifically, the invention relates to an automatic choke assembly. 

Background of the Invention 

In small internal combustion engines utilizing a carburetor, such as those engines in a 
lawnmower or a snowblower, cold temperature starting of the engine requires a more fuel- 
rich fuel-air mixture in the intake manifold of the engine to sustain the combustion reaction. 
In some engines, this is done by closing a choke valve, thereby partially choking off the air 
supply to the engine. As the engine warms up, the choke is no longer necessary because the 
increased temperatures in the engine help to sustain the combustion reaction and thus the 
choke is opened, allowing more air into the intake manifold. In many small engines, the 
choke valve is actuated manually. 

Typically during warm engine restarts, the choke must remain open to start the engine 
and to prevent the engine from stumbling or stalling. During cold starts, if the choke valve is 
opened too soon, the engine stalls because the fuel-air mixture is not rich enough to sustain 
the reaction. If the choke remains on too long, the engine may also stumble and excessive 
hydrocarbon emissions and fouling of the spark plugs can occur. 

Prior attempts at designing a small engine with automatic choking capabilities have 
been relatively unsuccessful, mostly because the designs of those chokes have been complex 
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and thus not practical to manufacture at low cost in large numbers because the tolerances 
within the engine had to be very closely calculated and adjusted. Every part in the engine 
adds to tolerance variations that must be accounted for in the engines. The fewer parts in the 
engine, the easier it is to calibrate for the tolerance variations. 

5 

Summary of the Invention 

The present invention provides an automatic choke assembly for an internal 
combustion engine. One construction of the engine includes a choke valve and a choke 
operating device that operates the choke valve. The engine also includes a thermally 

10 conductive assembly in direct contact with exhaust gases produced by the engine, and a 
thermally responsive member in thermal communication with the thermally conductive 
assembly such that the thermally conductive assembly transfers heat from the exhaust gases 
to the thermally responsive member. The engine also includes a mechanism responsive to the 
thermally responsive member to cause the choke valve to remain in at least a partially open 

15 position during engine starting when the thermally responsive member senses a temperature 
above a predetermined temperature. 

In one embodiment, the choke operating device includes an air vane that moves as a 
function of the engine speed. In another embodiment, the thermally responsive member is a 
bimetallic coil. In another embodiment, the thermally conductive assembly at least partially 

20 surrounds the path of the exhaust gases. In another embodiment, the mechanism includes a 
stop lever coupled to the thermally responsive member, the stop lever interacting with the 
choke operating device. 

The present invention also provides a method of operating a choke in an internal 
combustion engine using exhaust heat including placing a thermally conductive assembly in 

25 direct contact with exhaust gases produced by the engine, transmitting heat from the exhaust 
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gases to the thermally conductive assembly through a solid material, and transmitting heat 
from the thermally conductive assembly to a thermally responsive member in thermal contact 
with the thermally conductive element. The method also includes providing a linkage 
between the thermally responsive member and a choke operating device, and preventing the 
5 choke valve from closing completely during restarts of the engine when the temperature of 
the engine has reached a predetermined temperature. 

Further constructions and advantages of the present invention, together with the 
organization and manner of operation thereof, will become apparent from the following 
detailed description of the invention when taken in conjunction with the accompanying 
10 drawings, wherein like elements have like numerals throughout the drawings. 

Brief Description of the Drawings 

The present invention is further described with reference to the accompanying 
drawings, which show some embodiments of the present invention. However, it should be 
15 noted that the invention as disclosed in the accompanying drawings is illustrated by way of 
example only. The various elements and combinations of elements described below and 
illustrated in the drawings can be arranged and organized differently to result in embodiments 
which are still within the spirit and scope of the present invention. 

FIG. 1 is a partial perspective view of an internal combustion engine including one 
20 embodiment of an automatic choke apparatus embodying the present invention; 

FIG. 2 is an exploded view of a portion of the automatic choke apparatus of FIG. 1; 

FIG. 3 is a partial exploded rear view of the automatic choke apparatus of FIG. 2; 

FIG. 4 is a partial side view of the automatic choke apparatus of FIG. 2 coupled to the 

engine; 



3 



FIG. 5 is a partial perspective view of a choke valve assembly of the present 
invention; 

FIG. 6 is a partial perspective view of another embodiment of the internal combustion 
engine of the present invention; 

FIG. 7 is an exploded view of a portion of the automatic choke apparatus of the 
internal combustion engine of FIG. 6; 

FIG. 8 is a partially exploded view of a portion of the automatic choke apparatus of 

FIG. 6; 

FIG. 9 is an exploded view of a portion of another embodiment of the automatic 
choke apparatus of the present invention; 

FIG. 10 is a front view of the automatic choke apparatus of FIG. 9; 

FIG. 1 1 is a rear view of the automatic choke apparatus of FIG. 9 coupled to an 
engine muffler for use with an internal combustion engine; 

FIG. 12 is the automatic choke apparatus of FIG. 1 1, illustrating an adjustment 
mechanism for the automatic choke apparatus; 

FIG. 13 is a graphic representation of the time vs. temperature curves generated by an 
engine utilizing the automatic choke apparatus of the illustrated invention; 

FIG. 14 is a side view of an internal combustion engine including the automatic choke 
apparatus of FIG. 9; 

FIG. 15 is a front view of the internal combustion engine of FIG. 14; 

FIG. 16 is a top view of the internal combustion engine of FIG. 14; 

FIG. 17 is a side view of the internal combustion engine of FIG. 14 showing the 
choke valve in the closed position; 

FIG. 1 8 is a perspective view of another embodiment of a choke operating device 
according to the invention; 



FIG. 19 is a top view of the choke operating device of FIG. 18; 

FIG. 20 is a top view of the internal combustion engine of FIG. 14 with the automatic 
choke apparatus engaging the choke operating device of FIG. 18; 

FIG. 21 is a side view of the internal combustion engine of FIG. 20 showing the 
5 choke valve in the open position; 

FIG. 22 is a perspective view of a portion of another embodiment of the automatic 
choke apparatus of the present invention; 

FIG. 23 is a partial section view taken along line 23-23 of FIG. 22; and 
FIG. 24 is a perspective view of another embodiment of a choke operating device 
10 according to the invention. 



Detailed Description 

FIG. 1 illustrates an internal combustion engine 10 according to one embodiment of 
the present invention. The engine 10 includes a choke valve assembly 14 that includes a 

15 choke valve 18 (shown in FIG. 5) and a choke operating device. The choke operating device 
may operate the choke valve 18 as a function of the speed of the engine 10. In the illustrated 
embodiment, the choke operating device is an air vane 22. However, it would be understood 
by one of skill in the art that other choke operating devices could be used. For example, the 
choke operating device could include centrifugally mounted flyweights of an engine governor 

20 or an engine manifold pressure sensor. The engine 10 also includes a throttle linkage 20. 

The air vane 22 moves in response to air flow produced by a fan 26 coupled to the 
engine crankshaft, and rotates with the crankshaft. In this way, the air vane 22 operates to 
open and/or close the choke valve as a function of the engine speed. Since the air vane 22 
reacts to engine speeds, if the engine attempts to stall, the force on the air vane 22 is reduced 

25 as the engine speed drops. As a result, the choke valve 18 begins to close to enrich the fuel- 
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air mix until the engine recovers. The design of the air vane 22 also provides greater torque 
as the engine speed ramps up after starting, helping to open the choke valve 18 more quickly 
after start-up, and reducing the exhaust produced by the fuel-rich start-up conditions. 

The air vane 22 is connected to the choke valve 18 via a choke linkage 30. The choke 
5 linkage 30 includes a first arm 34, a second arm 38, and a biasing member 42. The biasing 
member 42 is attached to an engine bracket 46 and biases the choke valve 1 8 to the closed 
position. The choke linkage 30 also includes a choke lever 50 adapted to operate the choke 
valve 18. The greater torque of the air vane 22 at low speeds also allows a stronger biasing 
member 42 to be used to bias the choke valve 1 8 closed when the engine is cold and helps 

10 prevent debris build-up from interfering with the closing of the valve 18. 

The engine 1 0 also includes an automatic choke apparatus 54 and an engine muffler 
58 attached to the exhaust manifold (not shown) of the engine 10. The automatic choke 
apparatus 54 includes a mechanism 62 and a thermally conductive assembly 66. The details 
of the thermally conductive assembly 66 will be described in detail below with respect to 

15 FIG. 2. The mechanism 62 includes a linkage that includes a stop lever 78 coupled to the 

thermally conductive assembly 66, a tab 82 coupled to the air vane 22, and the choke linkage 
30. The function of the linkage will be described in greater detail below. 

Referring now to FIGS. 2 and 3, the thermally conductive assembly 66 includes a 
cover 86 located adjacent the muffler 58. The cover 86 may be formed of any appropriate 

20 material, such as aluminized steel, brass, ceramic material, or nylon, and in some 

embodiments can include a conductive material. The thermally conductive assembly 66 
includes a conductive element 90 that is coupled to the engine housing. The conductive 
element 90 may be formed of stamped metal, such as an aluminum alloy. In the illustrated 
embodiment, the conductive element 90 is formed of a standard 380 die cast aluminum alloy. 
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The conductive element 90 also includes an exhaust flange 88 adapted to cooperate 
with the output of the exhaust manifold and/or muffler 58 of the engine 10. Thus, the 
thermally conductive assembly 66 at least partially surrounds the direct path of the exhaust 
gases from the engine, thereby placing the thermally conductive assembly 66 in direct contact 
5 with the exhaust gases. This placement in direct contact with the gases allows for near 
instantaneous response of the automatic choke apparatus 54 in response to engine 
temperature to keep the choke valve 1 8 at least partially open during warm restarts. In 
embodiments where a muffler is not utilized, the thermally conductive assembly 66 at least 
partially surrounds the exhaust manifold of the engine. 

10 The conductive element 90 further includes a first portion 92 and a second portion 93. 

The exhaust flange 88 is connected to the second portion 93 of the conductive element 90. 
The conductive element 90 also includes a bridge 110 extending between the first and second 
portions 92, 93. As illustrated in FIG. 2, the bridge 1 10 has a width W that is preferably less 
than the width of either the first or second portions 92, 93 of the conductive element First 

15 and second gaskets 114, 1 16 are coupled to either side of the exhaust flange 88 to ensure a 
secure fit between the conductive element 90 and the exhaust manifold and to reduce 
vibrations in the conductive element 90. 

Considerations of the volume and shape of the thermally conductive assembly 66 are 
important to obtain the most efficient heat transfer through the thermally conductive 

20 assembly. Both increased surface area and increased mass contribute to heat loss in the 
thermally conductive assembly 66, and thus less heat transferred. Thus, the conductive 
element 90 (including the widths of the first portion 92, second portion 93, and bridge 110), 
cover 86, and exhaust flange 88 are selected such that the amount of surface area, the shape, 
the mass, and the conductive material together achieve the desired amount of heat transfer 

25 from the exhaust gases to the thermally conductive assembly 66. 
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The physical shape, mass, and materials of the thermally conductive assembly 66 are 
also optimized to create an ideal thermal conducting geometry to transfer heat through the 
thermally conductive assembly 66 to be proportional to the engine temperatures during 
starting, warm-up, and cool down. The geometry of the thermally conductive assembly 66 
5 allows for rapid temperature rise and calibrated cool down to address the engine fueling 
requirements (or, the choking requirements). 

The physical configuration of the thermally conductive assembly 66 is not only 
important to help provide near instantaneous response of the automatic choke apparatus 54, it 
is also important to allow the choke valve 1 8 to close after an appropriate cool down period. 
10 Thus, the thermally conductive assembly 66 is configured not only for efficient heat 

conduction, but also for appropriately calibrated heat loss. FIG. 13 illustrates the desired 
time vs. temperature rise curves for an engine utilizing the automatic choke apparatus 54 
described herein. 

The conductive element 90 includes a first aperture 94 that is configured to receive a 
15 mounting pin 98 that is coupled to the stop lever 78. The conductive element 90 also 

includes a second aperture 102 (best seen in FIG. 3) configured to receive a stop projection 
106 that is coupled to the stop lever 78. The conductive element 90 also includes two stop 
tabs 108 that interact with the stop projection 106 to prevent the stop lever 78 from over- 
rotating in response to changes in the thermally conductive assembly 66. 
20 The thermally conductive assembly 66 also includes a thermally responsive member 

coupled to the conductive element 90. In the illustrated embodiment, the thermally 
responsive member is a bimetallic coil 118. However, it is understood that in other 
embodiments, the thermally responsive member may be any appropriate thermal actuator, 
such as a wax motor, a thermally responsive wire, a bimetallic disk, plastics, etc. The 
25 placement of the thermally responsive device within the engine dictates which type of 



thermally responsive member is appropriate as conditions vary within the engine 10. Exhaust 
temperatures rise throughout engine use to very high levels (upward of 500 degrees 
Fahrenheit) and thus the thermally responsive member must be able to withstand extreme 
temperatures for long periods of time. Bimetallic coils can withstand the sustained high 
5 temperatures while providing quick (i.e., the coil is reactive to temperature changes) and 
accurate temperature measurement for actuating the choke. The bimetallic coil 118 may be 
formed of several known combinations of two metals having different coefficients of thermal 
expansion or contraction such that the bimetallic coil 118 either expands or contracts in 
response to the temperature changes in the engine 10. 

10 The bimetallic coil 1 18 is coupled between the cover 86 and the conductive element 

90. A slot 120 in the mounting pin 98 grips the inner end 124 of the coil 118. A coil aperture 
128 in the cover 86 receives a coil tab 132 to secure the coil 118. A clamp 136 is also 
coupled to the conductive element 90 to further anchor the cover 86 and the coil 1 18 to the 
thermally conductive assembly 66. 

1 5 The above described apparatus acts to automatically operate the choke valve 1 8 based 

upon the temperature of the engine 10. The bimetallic coil 118 acts as a thermostat in the 
engine 10 that assures that the choke valve 18 remains at least partially open when the engine 
1 0 reaches a predetermined temperature to maximize fuel efficiency and starting performance 
in the engine 10. If you start the engine 10 when it is cold, the engine temperature needs to 

20 reach approximately one hundred eighty degrees to open the choke valve 18. The amount of 
time it takes for the engine to reach one hundred eighty degrees will depend on the ambient 
temperature of the engine before starting. Thus, the automatic choke apparatus 54 is self- 
adjusting to any particular use. 

As the engine 10 produces exhaust gases, heat from those gases is conducted by the 

25 thermally conductive assembly 66 through a solid material, i.e., the exhaust flange 88, and 



transmitted to the coil 118 through thermal contact with the coil 118. As used herein, the 
word "solid" is defined to mean an object that is not a fluid or a gas. Thus, the heat from the 
exhaust gases is conducted through the molecules of a solid material, as opposed to through a 
gas or liquid. The solid material is the conductor of the heat. 
5 The increased temperature in the coil 118 causes the coil to expand or contract, 

resulting in rotation of the mounting pin 98 and the stop lever 78. The stop lever 78 interacts 
directly with the tab 82 coupled to the air vane 22, holding the air vane 22 away from the fan 
26. This interaction actuates the choke linkage 30 to open the choke valve 18. Before the 
engine heats up, a gap (i.e., a pocket of air) exists between the stop lever 78 and the tab 82. 

10 The direct interaction between the stop lever 78 and the tab 82 (as opposed to a linkage 

between the stop lever 78 and the tab 82) results in a gap tolerance that is not very sensitive. 
A gap in the range between one-sixteenth of an inch and one-half of an inch will allow for 
proper functioning of the automatic choke apparatus 54. Thus, the position of the stop lever 
78 need not be precisely gauged during manufacturing and can be simply adjusted by 

15 adjusting the clamp 136. 

When the engine 10 is turned off, the biasing member 42 tends to bias the choke valve 
18 closed so that when the engine 10 is started again, the fuel-air mixture is rich enough to 
sustain the combustion reaction. However, if the engine 10 is started when the temperature is 
above the predetermined level (i.e. the one hundred eighty degree mark), the coil 118 

20 prevents the choke valve 18 from completely closing by causing the stop lever 78 to engage 
the tab 82 and choke linkage 30 to hold the choke valve 18 in at least a partially open 
position. As a result, the engine will start when it is hot and should not stumble or stall due to 
an overly-rich fuel-air mixture while the engine speed is increasing to operating speeds. 
FIGS. 5-8 illustrate another embodiment of the automatic choke apparatus of the 

25 present invention. Similar parts have been given the reference numeral "a" when appropriate. 
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FIG. 5 illustrates the choke valve assembly 14a according to the present invention. 
The choke valve assembly 14a includes the choke valve 18. The choke valve 18 in the 
illustrated embodiment is a butterfly valve that is well known to one of skill in the art. With 
reference to FIGS. 5 and 6, the choke valve 18 is operable by the air vane 22a via the choke 
5 linkage 30a. The choke linkage 30a includes a first arm 34a, a link 140, and the choke lever 
50 that is adapted to operate the choke valve 18. A biasing member (not shown) may also be 
coupled to the link 140 to assist in biasing the choke valve 18 in the closed position. The 
engine 10a also includes the throttle linkage 20. 

FIG. 6 illustrates that the automatic choke apparatus 54a includes a mechanism 62a, 

10 and a thermally conductive assembly 66a. The mechanism 62a includes a linkage 74a that 
includes a stop lever 78a coupled to the thermally conductive assembly 66a via a lever 
linkage 144, a tab 82a coupled to the air vane 22a, and the choke linkage 30a. 

Referring to FIG. 7, the thermally conductive assembly 66a includes a cover 86a 
coupled to the conductive element 90a. The conductive element 90a is coupled to the engine 

15 10a and includes a chamber 148 that receives the bimetallic coil 118. The conductive 

element 90a includes a first aperture 94a that extends rearwardly from the chamber 148. A 
link arm 156 extends through the first aperture 94a and is coupled to the coil 118. The link 
arm 156 will be described in greater detail below. A coil aperture 128a in the cover 86a 
receives the coil tab 132 to secure the coil 118. The cover 86a also includes a link aperture 

20 152 that receives a fastening member 160 (see FIG. 6), such as a screw or a bolt, to attach the 
cover 86a to the conductive element 90a. The conductive element 90a also includes a bridge 
1 10a to connect the exhaust flange 88. 

With reference to FIG. 8, the lever linkage 144 includes the link arm 156, which is 
coupled to the coil 1 18, a first lever link 164, a second lever link 168, and the stop lever 78a. 

25 As the engine 10a heats up, the coil 118 expands or contracts, causing rotation of the link arm 
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156. The link arm 156, through the interaction of the first and second lever links 164, 168, 
actuates the stop lever 78a to interact with the tab 82a of the air vane 22a, holding the air 
vane 22a away from the fan 26. This interaction between the tab 82a and the stop lever 78a 
actuates the choke linkage 30a and opens the choke valve 18. If the engine 10a is started 
5 when the coil 1 1 8 senses that the predetermined temperature has been reached, the 
mechanism 62a will prevent the choke valve 18 from closing. 

FIGS. 9-12 illustrate another embodiment of the automatic choke apparatus of the 
present invention. Similar parts have been given the reference numeral "b" when 
appropriate. 

10 Referring to FIGS. 9-11, the automatic choke apparatus 54b includes the mechanism 

62 described above with respect to FIGS. 1-4, and a thermally conductive assembly 66b. The 
automatic choke apparatus 54b is operable with the air vane 22 described above with respect 
to FIG. 1. The thermally conductive assembly 66b includes a thermally conductive cover 86b 
located adjacent the muffler 58 of the engine. As discussed above with respect to FIGS. 2 

15 and 3, the size, geometry, and material of the conductive cover 86b are chosen to optimize 
heat transfer through the cover 86b. With reference to FIG. 10, the cover 86b includes an 
aperture to receive the coil tab 132b. Coupled to the cover 86b adjacent the muffler 58 is a 
retaining ring 176. 

The thermally conductive assembly 66b further includes a conductive element 90b 
20 that is coupled to the engine housing. The conductive element 90b includes a first aperture 
94b that is configured to receive the mounting pin 98 coupled to the stop lever 78. The 
conductive element 90b also includes a first side projection 180, a second side projection 184 
(best seen in FIG. 1 1) and a first forward projection 186. First and second retainer apertures 
188, 192 are configured to receive the side projections 180, 184 when the elements of the 
25 thermally conductive assembly 66b are coupled together. The first forward projection 186 is 
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configured to fit within the conductive cover 86b. The thermally conductive assembly 66b 
also includes a wave washer 196 that fits between the conductive element 90b and the cover 
86b to provide a tight fit between the cover 86b and the conductive element 90b. The 
bimetallic coil 1 18b is coupled to the conductive element 90b within the cover 86b. 
5 As shown in FIG. 12, the position of the cover 86b can be easily adjusted using an 

adjustment member, such as a thin blade wrench 200, to vary the air gap between the stop 
lever 78 and the tab 82 coupled to the air vane 22. This allows for easy adjustment of the 
thermally conductive assembly 66b as the engine is assembled. By adjusting the cover 86b, 
the coil 1 18b is also adjusted through the interaction of the coil tab 132b with the cover 86b. 

10 FIGS. 14-21 illustrate the automatic choke apparatus 54b described above with 

respect to FIGS. 9-12, operable with another air vane 22b according to the invention. FIGS. 
14-17, 20, and 21 illustrate the engine 10b including a choke valve assembly 14b and the 
thermally conductive assembly 66b described above. 

The choke valve assembly 14b includes an offset choke valve 18b, best shown in 

15 FIGS. 17, 20, and 21. Upon engine starting, the offset choke valve 18b moves momentarily 
before the air vane 22b moves, providing initial opening torque to the air vane 22b. FIGS. 
14-17 illustrate the engine with the choke valve assembly 14b in the closed position, and 
FIGS. 20 and 21 illustrate the choke valve assembly 14b in the open position. 

With reference to FIGS. 16, 18, and 19, the engine 10b includes a choke operating 

20 assembly 222. The choke operating assembly 222 includes the air vane 22b and the choke 
linkage 30b. The choke linkage 30b having a first choke arm 34b and a second choke arm 
38b. The choke operating assembly 222 is connected to the choke valve 18 via a choke lever 
50b. In the illustrated embodiment, the air vane 22b, the first choke arm 34b, and the second 
choke arm 38b are integrally formed as a unitary body, such as by injection molding. 
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As best shown in FIG. 19, the second choke arm 38b includes a hook-like protrusion 
210 that is coupled to a biasing member that biases the choke valve 18 in the closed position. 
In the illustrated embodiment, the biasing member is a spring 214, but it is understood that in 
other embodiments the biasing member could be any appropriate structure that acts to bias 
5 the choke valve 1 8 in the closed position. The air vane 22b also includes a tab 82b that can 
be engaged by the stop lever 78 of the mechanism 62. 

FIGS. 20 and 21 illustrate the choke valve assembly 14 in the open position. Similar 
to the operation described above with respect to FIGS. 1-4, heat from the exhaust gases is 
conducted by the thermally conductive assembly 66b and transmitted to the coil 1 18b through 

10 thermal contact with the coil. The contraction or expansion of the coil 1 18b results in 

rotation of the stop lever 78. The stop lever 78 then interacts with the tab 82b to hold the air 
vane 22b away from the fan 26. This interaction overcomes the biasing force of the spring 
214 to cause the choke lever 50b to rotate, opening the choke valve 18. With the choke valve 
1 8 open, more air enters the combustion chamber such that the engine will not stumble or 

1 5 stall due to an overly rich fuel-air mixture. 

FIGS. 22-24 illustrate another embodiment of the automatic choke apparatus of the 
present invention. Similar parts have been given reference numeral "c" when appropriate. 

FIGS. 22 and 23 illustrate a thermally conductive assembly 66c for use in an 
automatic choke apparatus 54c. The automatic choke apparatus 54c includes a mechanism 

20 62c substantially similar to the mechanism 62 described above with respect to FIGS. 1-4. 

The mechanism 62c includes a linkage that includes a stop lever 78c coupled to the thermally 
conductive assembly 66c, a tab 82c coupled to the air vane 22c, and a choke linkage 30c (see 
FIG. 24). As illustrated in FIGS. 22 and 23, the stop lever 78c includes a rigid portion 228, 
an aperture 230, and an L-shaped member 234. The L-shaped member 234 is movable with 

25 respect to the rigid portion 228 such that the thermally conductive assembly 66c is adjustable 
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by moving the L-shaped member 234 over the rigid portion 228 (as shown in shadow in FIG. 
22), thereby making the aperture 230 larger or smaller, depending on the direction of motion. 
Adjusting the stop lever 78c in this way varies the air gap between the stop lever 78c and the 
tab 82c coupled to the air vane 22c. This configuration of the stop lever 78c farther 
simplifies the adjustment of the thermally conductive assembly 66c. 

The thermally conductive assembly 66c includes a cover 86c coupled to the 
conductive element 90c. A thermally responsive member, such as the bimetallic coil 118 
described above, is housed between the cover 86c and the conductive element 90c. As 
illustrated in FIGS. 22 and 23, the cover 86c includes two tabs 238 (only one is illustrated) 
that cooperate with a first portion 92c of the conductive element 90c to couple the cover 86c 
to the conductive element 90c. The first portion 92c of the conductive element 90c includes 
two apertures 242 (only one shown) for receiving the tabs 238. As best shown in FIG. 23, the 
cover 86c is secured to the conductive element 90c by bending the tabs 238 over the first 
portion 92c of the conductive element. Thus, the cover 86c is secured to the conductive 
element 90c without using a separate fastener. 

FIG. 24 illustrates the air vane 22c for use with the thermally conductive assembly 
66c. The air vane 22c is similar to the air vane 22b discussed above with respect to FIGS. 16, 
18, and 19, with the addition of a rib 246 to strengthen the first choke arm 34c, and a baffle 
250 extending outwardly from the first choke arm 34c. The baffle 250 helps block air from 
flowing out of the engine to improve the cooling of the engine. 

Various features of the invention are set forth in the following claims. 
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